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Overview

- An investigation of the behavior of superconducting heterodyne

receivers in the quantum limit can be carried out using very low

leakage tunnel junctions and relatively low frequencies, such as

W-band. Alternatively, very low capacitance small-area junctions

with moderate leakage can be used at much higher frequencies. It

is necessary in either case to make precise measurements of mixer

noise and gain. It is also essential to make precise

determinations of the embedding admittances in order to permit

comparison between experiment and theory. In addition, extensive

computer software must be written in order to carry out the

comparisons with quantum mixer theory.

In this project, the technology has been developed for both

approaches to the study of the quantum limits of SIS heterodyne

mixers. All of the factors necessary to make these comparisons

in a W-band waveguide mixer have been in place since early 1977.

Due to delays in the production at Yale of the special low leakage
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tunnel junctions required, however, the measurements were

postponed until late 1988. --- I/

Much more extensive development of lithographed quasioptical

mixers was necessary for the high frequency approach.

Measurements of mixer performance in the quantum limit began at

the end of the third grant year and were continued throughout

1988. Computer modeling began in mid-1988. A part of this

program, which is testing small area junctions made at Berkeley

will not begin until mid-1989.

Technology that is important for the optimization of practical

SIS mixers for heterodyne receivers has been developed at every

stage of this project and has been reported in a series of

publications as well as invited and contributed papers at

scientific meetings.

Summary of Progress

In collaboration with the Yale group, an extensive computer

program was developed for theoretical modeling of SIS mixers.

This program was used with considerable success to analyze

measurements I0 made using a Ka-band mixer equipped with novel

low-leakage Ta junctions. 13 ,16 Unfortunately, detailed testing of

the quantum mixer theory could not be carried out because

information about the embedding admittances in this mixer was not

sufficiently accurate and because quantum effects were not

sufficiently developed at this low frequency.
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Under previous funding, construction had begun of a system

designed to permit accurate measurements of mixer gain and noise

at 90 GHz. Construction of this system was completed

successfully.4

Tests were carried out on a W-band waveguide mixer block which

can be tuned from 2.7 -- .7-mm (80-100 GHz) with a single

mechanical adjustment. 3 This mixer block has been very wEll

characterized by studies of large-scaled models so detailed

theoretical modeling of quantum limited mixers should be possible.

It also has very favorable properties for use in practical SIS

receivers. 8 ,9,11 This mixer has an instantaneous bandwidth of

-3GHz and uses an IF transformer with high input impedance (500 -

7002 ). When used with 2x2(pm)2  Pb-based junctions from NBS

Boulder this mixer gave a DSB gain of 8-12 dB, which is the

highest ever seen in an SIS mixer. It also gave mixer noise

temperatures of Tm (DSB) of 6-15K, which are the lowest yet

observed at these frequencies. 12

In order to observe strong quantum effects, arrangements were

made to have tunnel junctions for this mixer fabricated at Yale

using a Ta-Ta oxide-Pb technology which has extremely low leakage

current.5 The first such junctions received from Yale were

tested, but gave very poor performance1 4 because of an error in

the optical lithography. Due to problems with personnel turnover

in the Yale group, the next generation of junctions will not be

available until 9/88, beyond the perioo of this grant. This delay
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has been very regrettable because the combination of Ta junctions

and the well characterized W-band mixer block promises to give the

first example of an SIS mixer operating strongly in the quantum

limit. This work will be continued under the sponsorship of

another agency.

The alternative approach to the observations of strong quantum

effects is to use junctions with moderate leakage at near

millimeter and submillimeter wavelengths. Since waveguide

structures become very small and difficult to build at

submillimeter wavelengths, a parallel development was carried out

of SIS quasiparticle mixers with planar lithographed geometries. A

quasi-optical test apparatus was developed 17 in order to evaluate

such mixers at frequencies from 90 to 270 GHz. This apparatus

includes cryogenic hot-cold loads at the IF in order to accurately

measure mixer noise and gain. A special approach was devised for

probing the DC response of quantum mixer junctions and an

automatic computer fitting program was developed for comparing the

DC response of pumped mixers to quantum theory in order to deduce

accurate embedding admittances. These techniques were used to

evaluate several types of planar lithographed mixer with bow-tie

and log-periodic antennas at W-band. They included mixers made

with a single junction, a single junction tuned with a microstrip

stub, series arrays of 5 junctions, and series arrays of 5

junctions tuned with a parallel wire inductor. The mixers were

fabricated at NBS Boulder using Pb-based and Nb-based junction

technologies.
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In all cases the measured coupling coefficient and the

bandwidth agreed well with calculations based on simple equivalent

circuits models and on the nominal parameters of the structures.

Measurem2nts were made of mixer gain and noise and comparisons

were made to the performance of waveguide mixers with similar

types of junction. 17 These comparisons indicate that there is a

6-7 dB loss between the cryostat window and the terminals of the

bow-tie antenna. When corrected for this loss, the gains of the

bow-tie mixers were comparable to the waveguide mixers, but the

noises were hijher by factors of 2-4.

Preparations were made for improvements in the optical system

to reduce the input coupling losses. Tests of the improved system

will be carried out under the sponsorship of another agency.

Detailed computer modeling of the performance of these planar

quasi-optical mixers was begun, but is being continued under other

sponsorship.

The first steps were taken to operate planar quasi-optical SIS

mixers at frequencies of 180 and 270 GHz. Harmonic generators were

assembled which extended the frequency range of the quasi-optical

mixer test apparatus. Planar lithographed mixers with

quasi-optical RF matching structures were produced at NBS Boulder

for operation at the second and third harmonic of W-band. A novel

technique using the SIS junction as a direct detector and a

Fourier transform infrared spectrometer as a source was used to

evaluate the performance of these coupling structures.
15 ,18
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Preliminary results show good performance up to 180 GHz, and

evidence of resonant RF coupling at 270 GHz. These experiments

are being continued under other sponsorship.

The NBS junction technology could not produce junctions small

enough to couple directly to submillimeter wavelengths. In order

to produce such junctions a project was established with Prof. T.

Van Duzer at Berkeley under the JSEP program. A student of Van

Duzer's is fabricating very small Nb trilayer junctions with

lithographed antennas and matching structures. He will then

participate in measurements in my laboratory. These experiments

will be carried out under other sponsorship.
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